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6,	31,	32	and	33,	and	entered	into	force	1	January	2010.		 	 	 	 	 	
Norway	has	a	national	local	regulation	banning	Heavy	Fuel	Oil	(HFO)	within	the	Svalbard	archipelago.	
Fuel	shall	be	within	the	DMA	quality	(marine	gas	oil)	according	to	the	ISO	8217	fuel	standard.	An	
exemption	applies	for	the	shortest,	most	secure	route	via:	
•	The	Northwest	part	of	South	Spitsbergen	national	park,	for	sailing	to	and	from	the	Svea	mine.	
•	The	northern	part	of	Forlandet	national	park	and	the	southern	part	of	Northwest	Spitsbergen	
national	park	for	sailings	to	and	from	Ny-Ålesund	up	to	1	January	2015.	
•	North-West	Spitsbergen	national	park	for	sailings	to	Magdalenefjorden	up	to	1	January	2015.	
3.4.5. Denmark	(Greenland)	
Greenland	is	the	world’s	largest	island,	but	also	one	of	the	world’s	least	densely	populated	areas.	The	
first	people	arrived	in	Greenland	more	than	4,000	years	ago	and	since,	Greenland	has	been	inhabited	
by	different	Inuit	peoples	and	cultures.	The	Norse	settlers	arrived	later,	around	year	1000,	with	
modern	colonisation	taking	place	in	1721	with	a	purpose	of	re-Christianising	the	island.	The	travels	of	
the	Norwegian-Danish	missionary,	Hans	Egede,	was	covered	by	the	Danish	Crown,	leading	to	
Greenland	becoming	a	Danish	colony.	After	being	administered	by	the	Danish	Government,	without	
the	inclusion	of	Greenlandic	councils,	local	councils	began	to	see	the	light	of	day	by	the	mid-
nineteenth	century.	The	local	councils	later	turned	into	elected	municipal	and	provincial	councils	and	
finally	Greenland	received	representation	in	the	Danish	Parliament	following	a	change	of	the	Danish	
Constitution	in	1953	(Kleist,	2016).	
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Regarding	international	policy,	Greenland’s	status	can	seem	unclear.	Pertaining	to	international	
conventions,	Greenland’s	status	has	its	basis	in	Denmark’s	obligations.	Foreign-	and	security	policy	is	
an	area	that	still	fall	under	Danish	jurisdiction	according	to	the	constitution.	However,	the	Danish	
government	has	traditionally	involved	the	Greenlandic	Home	Rule	in	foreign	affairs	and	security	
matters	of	interest	to	the	island.	This	was	somewhat	softened	in	2005	as	the	Danish	Folketing	
adopted	Act.	no	577	“Concerning	the	conclusion	of	agreements	under	international	law	by	the	
Government	of	Greenland”,	providing	full	statutory	power	to	conclude	certain	international	
agreements	on	behalf	of	Denmark.	
3.4.5.1. Greenland’s	self-government		
Greenland	was	for	a	long	time	administratively	a	Danish	province	but	following	the	entry	into	force	
of	the	Act	on	Greenland	Self-Government	21	June	2009,	Greenland	authorities	exercise	legislative	
and	executing	power	in	the	fields	where	they	have	taken	over	responsibility.	The	legislative	power	
lies	with	Inatsisartut,	the	Greenland	Parliament,	and	the	executive	power	with	Naalakkersuisut,	the	
Greenland	government,	and	the	judicial	power	with	the	courts	of	law.	The	administration	of	the	
Government	of	Greenland	performs	its	tasks	within	a	framework	of	acts	and	appropriations	adopted	
by	the	Greenland	Parliament.	Additionally,	the	Government	must	comply	with	the	Danish	
Constitution,	the	Act	on	Greenland	Self-Government,	and	international	conventions.	
The	Greenlandic	assumption	of	responsibility	is	done	gradually	according	to	a	schedule	containing	
fields	of	responsibility.	21)	Ship	registration	and	maritime	matters	and	24)	Marine	environment	are	
both	listed	and	it	is	stated	that	“Fields	of	responsibility	that	appear	from	List	II	of	the	Schedule	shall	
be	transferred	to	the	Greenland	Self-Government	authorities	at	points	in	time	fixed	by	the	Self-
Government	authorities	after	negotiation	with	the	central	authorities	of	the	Realm”.	
3.4.5.2. Order	654	
On	the	topic	of	ballast	water,	a	Danish	partnership	consisting	of	the	Danish	Nature	Agency	and	the	
Danish	Maritime	Authority	has	been	formed.	Both	hold	legal	responsibilities	for	regulating	ballast	
water	in	Denmark.	Denmark	ratified	the	BWM	Convention	through	the	Danish	order	on	ballast	water	
management	30	June	2012.	The	Danish	Nature	Agency	(DNA)	shall	monitor	compliance	with	the	
provisions	of	the	ballast	water	order.	The	DNA	may	take	non-representative	samples	and	conduct	
indicative	analysis	of	ship’s	ballast	water	if	there	is	any	doubt	whether	a	ship	is	compliant.	If	the	
analysis	indicates	a	ship	may	be	non-compliant,	the	DNA	may	request	the	Danish	Maritime	Authority	
to	detain	the	ship	until	a	representative	sample	has	been	taken.	However,	the	detention	shall	not	
cause	any	unnecessary	delay	of	or	cost	for	the	ship.	The	DNA	shall	forward	the	sample	to	an	
independent	laboratory	for	a	detailed	analysis.	Ships	are	not	allowed	to	discharge	ballast	water	until	
so	can	be	done	without	any	danger	of	damage	to	the	environment,	human	health,	or	property.	The	
DNA	may	grant	exemptions	from	the	requirements	for	ballast	water	exchange	or	management	to	
ships	on	specific	voyages	and	where	at	least	one	port	call	is	in	Denmark.	If	discharges	within	the	
waters	of	another	Party,	the	exemption	shall	also	be	granted	by	that	Party.	Exemptions	shall	be	
granted	only	if	the	DNA	considers	the	risk	of	invasive	species	transfer	to	be	low.	
Unless	more	severe	penalties	are	due	under	other	legislation,	anyone	carrying	out	specified	tasks	are	
liable	to	punishment	by	fine.	Among	the	specified	tasks	are	for	example:	anyone	who	manages	
ballast	water	in	violation	of	the	order,	who	violates	the	conditions	of	any	exemption	granted,	or	who	
supplies	incorrect	information	in	connection	with	an	application	for	exemption.	Penalties	may	be	
increased	to	imprisonment	for	a	term	not	exceeding	two	years	if	the	violation	has	been	made	
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intentionally	or	grossly	negligently	and	if	the	violation	has	caused	damage	to	the	environment	or	risk	
of	such	damage,	or	the	violation	has	produced	or	has	been	intended	to	produce	financial	benefits	to	
the	contravener	or	other,	including	cost	savings.	Penalties	involving	imprisonment	are	not	applicable	
to	violations	committed	by	foreign	ships	unless	the	violations	have	been	made	in	inner	territorial	
waters.	As	for	violations	committed	by	foreign	ships	in	outer	territorial	waters,	the	penalty	may	be	
increased	to	imprisonment	for	a	term	not	exceeding	two	years	in	case	of	intentional	or	serious	
pollution	of	the	marine	environment.	Companies	and	other	“legal	personalities”	may	be	liable	to	
punishment	according	to	the	provision	of	part	5	of	the	Penal	Code	-	Straffeloven.	
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4. Ship	biofouling	in	the	Arctic	
As	the	ongoing	climate	change	and	warming	of	the	Arctic	is	predicted	to	continue,	the	expectation	is	
also	the	shipping	activity	will	increase	in	the	region.	There	is	concern	that	this	will	lead	to	an	
increased	risk	of	introduction	of	non-indigenous	species	and	invasive	species	in	the	Arctic	Ocean.	
Climate	change	may	result	in	more	favourable	environmental	conditions	for	southern	species	and	a	
considerable	increase	in	the	shipping	activity	increases	the	risk	of	transportation	and	introduction	of	
invasive	species.	Hull	fouling	and	discharge	of	ballast	water	are	the	main	source	of	spreading	marine	
alien	species	to	new	geographic	areas	(Drake	&	Lodge,	2007;	Endresen,	Lee	Behrens,	Brynestad,	
Bjørn	Andersen,	&	Skjong,	2004).	Despite	the	clear	role	of	ships	in	coastal	invasions,	the	relative	
importance	of	ballast	water	and	hull	fouling	remains	difficult	to	estimate.		
Many	species	have	both	planktonic	life	stages	that	can	be	transferred	in	ballast	water,	as	well	as	
sessile	or	sedentary	life	stages	that	can	occur	on	ship	hulls	(McGee,	Piorkowski,	&	Ruiz,	2006).	If	
these	species	survive	to	establish	a	reproductive	population	in	the	host	environment,	they	may	
become	invasive	and	outcompete	native	species	and	multiplying	to	such	an	extent	that	host	
ecosystems	are	disturbed	(Bax,	Williamson,	Aguero,	Gonzalez,	&	Geeves,	2003).	IMO	has	taken	a	
leading	role	in	the	effort	of	internationally	addressing	the	transfer	of	invasive	aquatic	species	through	
shipping	(IMO,	2016).	In	2004	the	IMO	Member	States	made	a	clear	commitment	to	minimise	the	
transfer	of	invasive	aquatic	species	by	shipping	with	the	adaption	of	the	International	Convention	for	
the	Control	and	Management	of	Ship´s	Ballast	Water	and	Sediments	(BWM	Convention).	The	BWM	
Convention	is	specifically	targeting	ballast	water	and	will	enter	into	force	on	8	September	2017	after	
being	ratified	by	30	states.	
Biofouling	is	the	unwanted	attachment	of	microorganisms,	plants,	algae,	and	animals	on	submerged	
structures,	mainly	shiphulls,	and	is	also	considered	one	of	the	main	vectors	for	transferring	invasive	
species.	The	transfer	of	invasive	aquatic	species	through	ships’	biofouling	was	first	brought	formally	
to	IMO’s	attention	in	2006,	leading	to	an	international	recognition	of	the	problem.	The	following	year	
the	Sub-Committee	on	Bulk	Liquids	and	Gases	(BLG)	was	given	the	task	to	develop	guidelines	with	
the	aim	to	provide	a	globally	consistent	approach	to	managing	biofouling	by	delivering	useful	
recommendations	on	general	measures	to	minimise	the	risks	associated	with	biofouling	for	ships.	
The	Biofouling	Guidelines,	the	“Guidelines	for	the	control	and	management	of	ships´	biofouling	to	
minimize	the	transfer	of	invasive	aquatic	species”,	was	adopted	by	the	Marine	Environment	
Protection	Committee	(MEPC)	in	2011	(IMO,	2011).	As	recreational	crafts	of	less	than	24	m	are	
particularly	disposed	to	biofouling,	due	to	their	large	numbers	and	their	operating	profile,	the	
Biofouling	Guidelines	were	further	complemented	with	guidance	for	them.	The	new	complemented	
guidelines	were	approved	by	MEPC	at	its	64th	session	in	October	2012	and	circulated	as	
MEPC.1/Circ.792	(IMO,	2012).	
The	Biofouling	Guidelines	addresses	that	all	ships	have	some	degree	of	biofouling,	even	those	which	
may	have	been	recently	cleaned	or	had	a	new	application	of	an	anti-fouling	system	(IMO,	2011).	The	
biofouling	process	may	begin	within	the	first	few	hours	of	a	ship's	immersion	in	water.	The	biofouling	
that	can	be	found	on	a	ship	is	influenced	by	a	range	of	factors,	such	as:	
- design	and	construction,	particularly	the	number,	location,	and	design	of	niche	areas	(e.g.	sea	
chests,	bow	thrusters,	hull	appendages,	and	protrusions	etc.);	
- specific	operating	profiles,	including	parameters	such	as	operating	speeds,	ratio	of	time	
underway	compared	with	time	alongside,	moored,	or	at	anchor,	and	where	the	ship	is	located	
when	not	in	use	(e.g.	open	anchorage	or	estuarine	port);	
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- places	visited	and	trading	routes	(e.g.	depending	on	water	temperature	and	salinity,	abundance	
of	fouling	organisms	etc.);	and	
- maintenance	history,	including	the	type,	age,	and	condition	of	any	anti-fouling	coating,	
installation	and	operation	of	anti-fouling	systems,	and	dry-docking/slipping	and	hull	cleaning	
practices.	
A	first	step	in	assessing	the	potential	risk	of	invasions	associated	with	shipping	(both	biofouling	and	
ballast	water)	is	to	characterise	the	magnitude	of	ship	arrivals,	the	volume	of	ballast	delivery,	and	
origin	for	both	arrivals	and	ballast	(McGee	et	al.,	2006).	A	good	knowledge	of	the	shipping	network	of	
routes	and	ports	is	important,	as	the	spreading	of	non-native	species	may	also	be	done	gradually	
when	species	carried	from	the	original	environment	is	established	in	visiting	ports	and	areas	along	
the	route	to	the	new	geographical	area.	This	spreading	or	invasion	of	species	through	the	so-called	
“stepping	stone”	is	defined	as	an	invasion	that	occur	when	individuals	first	become	established	
beyond	the	native	range	and	are	then	introduced	geographically	step	by	step	to	a	new	location	of	
study	(Keller,	Drake,	Drew,	&	Lodge,	2011).	
The	spreading	of	non-native	species	to	the	region	of	Barents	Sea	and	Svalbard	may	occur	through	
active	transport	like	shipping	or	by	a	natural	northward	immigration	of	species	due	to	climate	
change-driven	warming	of	the	Arctic.	However,	the	questions	are	how	compatible	the	introduced	
species	are	to	their	new	Arctic	environment	and	how	their	ability	to	adapt	and	reproduce	will	
change.	
The	red	king	crab	(Paralithodes	camtschaticus)	is	an	example	of	an	alien	species	introduced	to	the	
Barents	Sea	ecosystem.	This	crab	species	occurs	originally	in	the	North	Pacific,	from	the	Sea	of	Japan	
and	the	Sea	of	Okhotsk,	to	the	western	and	eastern	Bering	Sea	as	far	north	as	Norton	Sound	and	was	
intentionally	introduced	to	the	Barents	Sea	in	the	1960s	to	establish	a	new	commercial	fishery	
(Donaldson	&	Byersdorfer,	2005).	The	original	area	of	introduction	was	the	waters	of	the	southern	
Barents	Sea,	mainly	in	the	Kola	Bay	and	adjacent	areas	of	Western	Murmansk	in	Russia	(Kuzmin	&	
Gudimova,	2002).	Since	then,	the	red	king	crab	has	established	and	spread	to	the	Norwegian	coast	
and	northeast	of	the	Kola	Peninsula.	The	first	findings	in	the	White	Sea	have	recently	been	reported,	
confirming	its	continuing	expansion	(A.	Dvoretsky	&	Dvoretsky,	2014).	The	northernmost	finding	was	
recorded	in	2002	at	72°40'	N,	which	is	midway	between	Nordkapp	on	the	Norwegian	mainland	coast	
and	Bjørnøya,	although	it	have	not	yet	been	observed	in	Svalbard	waters	(Sakshaug	et	al.,	2009).	
Commercial	fishing	in	Russian	waters	started	in	2004	(A.	G.	Dvoretsky	&	Dvoretsky,	2015).	The	adult	
red	king	crab	are	opportunistic,	omnivorous,	and	feeds	on	the	most	abundant	benthic	organisms	
available:	molluscs,	polychaetes,	and	echinoderms,	but	also	on	fish	offal	if	available	in	areas	of	
intensive	multispecies	fishing.	
The	snow	crab	(Chinoecetes	opilio)	is	also	a	subarctic	crab	species	originally	from	the	North	Pacific	
that	have	established	in	the	Barents	Sea	as	an	alien	species.	It	initially	occurred	in	the	Sea	of	Japan,	
the	Sea	of	Okhotsk,	and	the	Bering	Sea	north	of	the	Alaska	Peninsula.	The	snow	crab	is	also	found	in	
the	northwestern	Atlantic	Ocean,	from	southern	Greenland	and	Canada	south	to	Casco	Bay	in	Maine,	
as	well	as	the	Arctic	Ocean:	the	Beaufort	Sea,	Laptev	Sea,	and	the	East	Siberian	Sea	(Jadamec,	
Donaldson,	&	Cullenberg,	1999).	A	few	specimens	of	snow	crab	was	first	recorded	in	the	Barents	Sea	
in	1996,	when	captured	by	Russian	fishing	vessels	(Kuzmin,	Akhtarin,	&	Menis,	1998).	It	is	still	
uncertain	how	this	species	was	able	to	enter	the	Barents	Sea,	but	spreading	by	ballast	water	has	
been	proposed	as	a	possible	vector	(A.	G.	Dvoretsky	&	Dvoretsky,	2015).	It	is	also	suggested	that	the	
crab	might	have	migrated	independently	from	the	Chukchi	Sea	in	eastern	Russia,	since	examples	of	
the	crab	have	been	found	both	in	the	East	Siberia	Sea	and	the	Laptev	Sea	(Fernandez,	Kaiser,	&	
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Vestergaard,	2014).	Recent	studies	comparing	genetic	relationship	between	different	populations	of	
snow	crab	indicate	the	lowest	variance	between	crabs	in	the	Barents	Sea,	Bering	Sea,	and	Eastern	
Canada	(Dahle,	Agnalt,	Farestveit,	Sevigny,	&	Parent,	2014).	Since	it	first	was	discovered	in	the	
Barents	Sea,	the	snow	crab	has	increased	in	numbers	and	spread	to	most	part	of	the	northern	
Russian	EEZ	and	part	of	the	international	waters	of	Barents	Sea.	It	has	also	been	observed	in	the	
Svalbard	Fishery	Protection	Zone	(FPZ)	and	along	the	coast	of	northern	Norway	(Fernandez	et	al.,	
2014).	Due	to	its	lower	temperature	preference,	it	is	expected	that	the	snow	crab	will	continue	to	
spread	further	north	and	west	in	the	Barents	Sea	(Fernandez	et	al.,	2014).	Most	likely,	the	crab	will	
be	found	around	the	whole	Svalbard	and	Franz	Josef	archipelago	in	the	future.	The	increase	and	
spread	of	the	snow	crab	population	in	the	Barents	Sea	has	taken	place	at	a	much	higher	rate	than	the	
red	king	crab	population	in	these	areas	and	a	commercial	fishery	started	in	2013	(Sundet	&	Bakanev,	
2014).	The	dominant	diet	of	the	snow	crab	is,	as	in	similarity	to	the	red	king	crab,	benthic	fauna	such	
as	polychaetes,	crustaceans,	molluscs,	and	echinoderms	(Fernandez	et	al.,	2014).	
The	impacts	of	these	two	alien	species	are	not	completely	understood,	but	researcher	have	shown	
that	the	red	king	crab	are	able	to	reduce	the	abundance	of	benthic	organisms,	especially	when	
appearing	in	high	density	aggregation	(Pavlova,	2008).	The	similarity	of	the	native	environmental	
preference	of	the	red	king-	and	snow	crab	to	the	new	environmental	conditions	in	the	Barents	Sea	
has	been	crucial	for	their	successful	spreading	in	the	area.	There	is	a	concern	of	a	similar	impact	on	
the	benthic	fauna	when	it	comes	to	the	snow	crab	due	to	the	species	high	spread	rate	(Sundet	&	
Bakanev,	2014).	Another	concern	is	that	alien	crabs	in	the	Barents	Sea	have	a	negative	impact	on	
commercially	important	species	for	fisheries.	A	study	where	cross-correlation	analysis	was	on	these	
two	crab	species	and	cod,	haddock,	saithe,	capelin,	and	the	northern	shrimp	(A.	G.	Dvoretsky	&	
Dvoretsky,	2015).	The	analysis	showed	that	neither	crab	species	had	a	negative	impact	on	the	stocks	
of	economically	important	fish	species.	However,	a	potential	negative	impact	of	snow	crab	on	the	
northern	shrimp	population	could	not	be	rejected	due	to	their	overlapping	distribution	and	
predatory	pray	interaction.	In	recent	years,	there	is	an	overall	high	abundance	of	commercial	fish	
stock	that	indicates	of	a	high	productivity	in	the	Barents	Sea	(A.	G.	Dvoretsky	&	Dvoretsky,	2015).	
This	is	likely	associated	with	the	warming	Arctic	region	and	no	clear	indication	of	an	adverse	impact	
of	the	alien	crab	species	was	detected.	However,	this	does	not	rule	out	negative	effects	on	other	
parts	of	the	ecosystem,	especially	as	the	peak	of	the	snow	crab	spreading	yet	not	have	been	
documented.		
4.1. Svalbard	sampling	study	
In	order	to	analyse	the	impact	of	biofouling	from	ships	in	the	Arctic,	Ms.	Jennie	Folkunger	(World	
Maritime	University,	Sweden)	and	Mr.	Michael	Palmgren	(Sea-U,	Sweden)	performed	a	sampling	
study	on	Svalbard	during	2014	and	2015.	
The	choice	of	Svalbard	and	the	port	of	Longyearbyen	as	a	sampling	site	is	due	to	its	ecological	
importance	to	the	Barents	Sea	Large	Marine	Ecosystem	(LME),	while	being	one	of	the	most	heavily	
trafficked	areas	in	the	Arctic.	
The	aim	was	to	investigate	the	species	composition	and	abundance	of	biofouling	on	ships	that	uses	
the	port	of	Longyearbyen.	The	study	also	reviewed	and	analysed	the	environment,	shipping	patterns,	
and	operational	profile	of	the	investigated	vessels.	Sampling	was	conducted	at	two	separate	
occasions;	at	the	end	of	the	summer	season	as	well	as	the	beginning,	allowing	for	basic	analysis	of	
temporal	changes	throughout	the	season.	
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4.1.1. Svalbard	geography	and	history	
Svalbard	is	an	archipelago	located	approximately	1,200	km	from	the	geographic	North	Pole.	It	
consists	of	the	islands	of	Spitsbergen,	Nordaustlandet,	Barentsøya,	Edgeøya,	Kong	Karls	Land,	Hopen,	
Prins	Karls	Forland,	Bjørnøya,	as	well	as	other	smaller	islands	and	rocks	between	74°	and	81°	
northern	latitude	and	10°	and	35	°	eastern	longitude	(NPI,	2017)	(Figure	16).	
	
	
Figure	16:	The	Svalbard	archipelago	with	approximate	ice	cover	(Mappery,	2008).	
Svalbard	has	been	referred	to	in	Icelandic	texts	as	early	as	1194,	but	upon	its	discovery	by	Willem	
Barentsz	in	1596,	it	was	established	as	a	site	for	international	whaling,	initially	Russian	and	later	
Norwegian	all-winter	hunting.	The	name	Svalbard	refers	to	the	whole	of	the	archipelago,	while	the	
name	Spitsbergen	only	refers	to	its	largest	island	(named	by	Willem	Barentsz).	Longyearbyen,	the	
largest	settlement	on	Svalbard,	was	named	after	American	John	M.	Longyear,	who	in	1906	
established	the	first	mine	there.	Norway	has	been	granted	sovereignty	of	Svalbard	since	1925	after	
the	signing	of	the	1920	Svalbard	Treaty	by	12	countries	(Visit	Svalbard,	2017b).	
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About	60%	of	Svalbard’s	landmass	is	covered	by	glaciers	of	varying	size	and	vegetation	only	covers	6-
7%,	with	the	most	fertile	areas	being	located	in	the	inner	fjord	regions. Despite	of	the	constant	
permafrost	and	harsh	conditions,	Svalbard	has	a	flora	of	around	170	species.	Almost	all	of	the	animal	
life	on	Svalbard	however,	is	found	in	the	Barents	Sea,	the	only	common	land	mammals	being	the	
Svalbard	reindeer,	the	Arctic	fox,	Sibling	vole,	various	seal	species,	whales,	walruses,	and	of	course	
the	polar	bear	(Visit	Svalbard,	2017a).	The	majority	of	Svalbard’s	environment	is	untouched	and	
preserving	it	as	such,	allowing	natural	ecological	processes	and	biological	diversity	to	develop	in	a	
manner	unaffected	by	human	activity,	is	a	goal	explicitly	expressed	by	the	Governor	of	Svalbard	(The	
Governor	of	Svalbard,	2012).	
4.1.2. Svalbard	marine	ecosystem	
A	series	of	studies	was	conducted	by	a	Norwegian-Polish	team	during	the	1990s,	examining	the	
intertidal	zone	of	Svalbard	and	Bjørnøya,	looking	at	environmental	conditions,	macroorganisms,	and	
meiofauna	(Weslawski,	Wiktor,	Zajaczkowski,	&	Swerpel,	1993).	Ice	conditions	around	Svalbard	
appeared	to	have	its	maximum	in	April	as	most	coastal	areas	at	that	time	is	covered	with	fast	ice	
lasting	for	approximately	3-9	months	a	year	depending	on	location.	Inner	fjords	and	sheltered	areas	
of	the	eastern	coast	is	often	areas	where	ice	melts	away	last	(Szymelfenig,	Kwaśniewski,	&	
Węsławski,	1995;	Weslawski	et	al.,	1993).	The	west	coast	of	Svalbard	is	usually	ice-free	during	
summer,	as	the	areas	are	affected	by	the	warmer	West	Spitsbergen	Current	deriving	with	higher	
salinity	from	the	north	Atlantic	(Figure	17)	(Nilsen,	Skogseth,	Vaardal-Lunde,	&	Inall,	2016;	
Szymelfenig	et	al.,	1995;	Weslawski	et	al.,	1993).	
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Figure	17:	Atlantic	currents	around	Svalbard,	with	the	warmer	West	Spitsbergen	Current	in	red	(Nilsen	et	al.,	2016).	
The	eastern	coast	of	Svalbard	is	commonly	influenced	by	drifting	pack-ice	even	in	August,	as	that	
area	encounters	the	colder	and	less	saline	Sorkapp	Current	and	Barents	Current	from	the	North.	
The	most	common	morphology	of	the	Svalbard	coast	consists	of	low	gravel	beaches,	although	there	
are	several	other	types	of	substrata	(Szymelfenig	et	al.,	1995;	Weslawski	et	al.,	1993).	
Bjørnøja	is	the	southernmost	island	of	the	Svalbard	archipelago	and	is	situated	half-way	between	the	
Scandinavian	Peninsula	and	Spitsbergen.	The	island	is	also	affected	by	the	two	major	water	masses,	
the	West	Spitsbergen	Current	and	the	Barents	Current.	The	most	common	coastal	morphology	are	
high	rocky	cliffs	with	a	beach	of	coarse	sand	and	large	gravel	at	their	foot	(Weslawski,	Zajaczkowski,	
Wiktor,	&	Szymelfenig,	1997).	The	observed	water	temperatures	put	Svalbard	between	Subarctic	
Western	Greenland	and	Franz	Josef	Land	(Weslawski	et	al.,	1993).	In	general,	salinity	in	the	Arctic	
littoral	zones,	for	example	Svalbard,	show	a	large	variation,	likely	depending	on	the	variability	of	
influx	of	freshwater	from	runoff	areas	and	melting	ice	(Weslawski	et	al.,	1993).	
The	number	of	species	of	macrofauna	found	in	the	Svalbard	intertidal	zone	is	similar	to	that	noted	on	
Baffin	Island	and	Greenland,	where	30	to	50	species	have	been	observed	(Madsen,	1936).	The	key	
species	Balanus,	Littorina,	Fucus,	and	Gammarus	are	common	on	most	of	the	Arctic	coasts	and	have	
been	reported	in	Alaska	(Feder	&	Kaiser,	1980),	Greenland	(Madsen,	1936),	and	Arctic	Canada	(Ellis	&	
Wilce,	1961;	T.	A.	Stephenson	&	Stephenson,	1949).	The	set	of	species	observed	in	the	Svalbard	
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littoral	also	indicates	its	subarctic	character.	The	border	between	the	subarctic	and	the	Arctic	
province	runs	through	Sornset	at	the	southern	tip	of	Spitsbergen.	The	division	into	two	
zoogeographical	zones	is	probably	caused	by	temperature,	salinity,	and	ice	factor	(Weslawski	et	al.,	
1993).	The	species	richness	and	biomass	of	the	littoral	zone	appeared	in	the	study	to	be	highest	on	
the	open	oceanic	western	coast	of	Svalbard,	whereas	the	eastern	coast	and	inner	fjords	were	less	
biologically	productive.	
4.1.3. Svalbard	port	logistics	
The	main	logistic	point	for	vessels	arriving	in	Spitsbergen	is	the	Port	of	Longyearbyen,	where	its	
proximity	to	the	airport	as	well	as	the	city	centre	is	advantageous.	Longyearbyen	has	today	three	
quays;	Gamlekaia,	Kullkaia,	and	Bykaia.	Bykaia	is	owned	and	operated	by	the	local	government	of	
Longyearbyen	and	is	used	by	cruise	ships	and	tourist	vessels,	as	well	as	fishing,	research,	cargo	
vessels,	and	the	Coast	Guard	(Kystvakten).	Due	to	the	steady	increasing	number	of	port	calls	(Figure	
18),	there	are	plans	to	expand	the	harbour	area	and	increase	its	capacity,	to	which	400	million	
Norwegian	crowns	was	dedicated	(Longyearbyen	Lokalstyre,	2014).	
	
	
Figure	18:	Port	calls	in	Longyearbyen	between	2000	and	2012,	excluding	passenger	ships	(Longyearbyen	Lokalstyre,	2014).	
Shipping	in	Svalbard	is	characterised	by	great	variations	and	seasonality,	with	the	most	traffic	
occurring	from	July	to	October.	Fishing	is	a	year-round	activity	in	Svalbard,	but	peaking	between	
August	and	December	with	50-60	vessels.	Cruise	ships	arrive	at	Longyearbyen	from	June	to	
September.	The	cruise	traffic	can	be	divided	into	three	segments,	large	cruise	ships	that	arrive	from	
overseas,	expedition	cruises	that	go	around	the	archipelago,	and	day	cruises	from	Longyearbyen.	
Cargo	vessels	arrive	regularly	to	Svea,	Barentsburg,	Ny	Ålesund,	and	Longyearbyen.	Two	vessels	
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operate	on	a	fixed	route	and	5-6	additional	dry	cargo	vessels	do	15-20	tours	combined	annually.	
Svalbard	also	has	reefer	ships	taking	frozen	fish	from	the	trawl	ships	operating	year-round.	A	couple	
of	research	vessels	also	operate	year-round	in	the	Svalbard	zone,	peaking	between	July	and	
September	with	5-8	vessels	(Longyearbyen	Lokalstyre,	2014).	A	new	regulation	on	ports	and	
navigable	areas	of	Svalbard	(Havne	og	Farvannsloven)	entered	into	force	1	January	2010,	with	the	
purpose	of	improving	security	and	the	organisation	of	port	activities.		
4.2. Sampling	sites	
The	detailed	information	about	the	sampled	ships	can	be	found	in	Table	2	below.	
Table	2:	Overview	of	ships	sampled	during	2014	and	2015	(MarineTraffic,	2017).	
	
4.2.1. Bykaia		
The	location	for	reference	sampling	was	a	position	by	the	Bykaia	berth	(78°13'46.57"N	and	
15°35'58.54"E)	in	the	harbour	of	Longyearbyen.	
An	initial	reference	dive	was	conducted	in	the	port	area	and	samples	were	taken	from	the	sheet	piles	
(Figure	19).	
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Figure	19:	A	sea	urchin	at	Bykaia.	Photo	by	M.	Palmgren	2015.	
This	dive	also	served	as	a	way	of	testing	the	equipment	before	the	vessel	sampling.	The	maximum	
water	depth	at	the	reference	site	was	12	m.	Bykaia	was	selected	as	the	reference	location	because	of	
its	accessibility	and	safety.	
4.2.2. Norbjørn	
Norbjørn	is	a	general	cargo	carrier	that	has	been	in	operation	since	1991,	trafficking	the	northern	
route	from	Tromsø,	on	the	Norwegian	mainland,	to	Longyearbyen	and	Ny	Ålesund,	in	the	Svalbard	
archipelago.		
	
	
Figure	20:	Norbjørn.	Photo	by	J.	Folkunger	2014.	
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The	average	frequency	and	period	of	operation	is	3	times	a	month,	between	1st	of	April	to	31st	of	
December.	Norbjørn	is	trafficking	the	route	as	joint	venture	between	Marine	Supply	A/S,	who	owns	
the	vessel	and	Bring	Logistics	(former	Norcargo).	Marine	Supply	is	a	shipping	company	specialising	in	
bunker	and	lubes	trading	in	port	and	high	seas	for	the	North	Atlantic	region	(Dark	Season	Blues).	
Marine	Supply	has	more	than	20	years	of	experience	with	high	seas	bunker	supplies	in	the	Barents	
Sea.	
Norbjørn	is	coated	with	the	antifouling	paint	Intersmooth	360	SPC,	a	tributyltin	(TBT)-free	self-
polishing	co-polymer	(SPC)	antifouling	system	with	copper	acrylate	technology.	
The	hull	of	Norbjørn	was	sampled	the	16th	September	2014	while	berthed	at	the	harbour	of	
Longyearbyen.	
4.2.3. Origo	
Origo	was	built	in	1955	for	the	Swedish	Maritime	administration	as	an	ice-strengthened	pilot	ship	
(Figure	21).	
	
	
Figure	21:	Passenger	ship	Origo.	Photo	by	J.	Folkunger	2014.	
Since	1983,	Origo	has	served	as	a	school	ship	and	still	does	during	the	winter	season.	In	the	early	
1990s,	the	vessel	was	rebuilt	to	a	passenger	ship,	taking	24	passengers.	Origo	now	spends	every	
summer,	between	May	and	September,	cruising	the	Arctic	waters	around	Svalbard	for	Master	
Mariner	AB	(Master	Mariner	AB,	2017).	Scotland	and	the	Norwegian	fjords	are	other	popular	cruise	
destinations.		
Origo	is	painted	with	the	Sigma	Ecofleet	290,	a	TBT-free	and	self-polishing	antifouling.		
The	hull	of	Origo	was	sampled	on	two	occasions,	16th	September	2014	and	18th	June	2015,	while	
berthed	at	the	harbour	of	Longyearbyen.	
4.2.4. Eltanin	
Eltanin	is	a	polish	sailboat,	adapted	for	Arctic	navigation	(Figure	22).	
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Figure	22:	Research	sailing	vessel	Eltanin.	Photo	J.	Folkunger	2014.	
The	vessel	is	used	for	both	transportation	and	research	(Arktyka,	2017).	From	May	to	September,	
Eltanin	is	sailed	from	Poland	to	Svalbard,	where	it	sails	from	Longyearbyen	to	various	locations	on	
Svalbard.	Eltanin	usually	sails	back	to	Poland	after	September.		
Information	about	the	antifouling	paint	on	Eltanin	was	not	accessible.		
The	hull	of	Eltanin	was	sampled	12th	September	2014	while	berthed	at	the	harbour	of	Longyearbyen.	
4.2.5. Amadea	
Amadea	was	built	in	1991	and	is	a	passenger	ship	that	cruises	the	Arctic	waters	surrounding	Svalbard	
each	summer	(Fel!	Det	går	inrte	att	hitta	någon	referenskälla.).	
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Figure	23:	Passenger	cruise	ship	Amadea:	Photo	by	M.	Palmgren	2015.	
The	ship	belongs	to	a	German	shipping	company	and	is	also	cruising	the	Mediterranean,	around	
South	Africa,	Greenland,	and	the	Baltic	Sea.	
Information	about	the	antifouling	paint	on	Amadea	was	not	accessible.	
The	hull	of	Amadea	was	sampled	16th	June	2015	while	berthed	at	the	harbour	of	Longyearbyen.	
4.2.6. National	Geographic	Explorer	
National	Geographic	Explorer	travels	from	pole	to	pole	each	year,	spending	summers	in	Antarctica	
and	summers	in	the	Arctic	(Figure	24).	
	
	
Figure	24:	Passenger	cruise	ship	National	Geographic	Explorer.	Photo	by	M.	Palmgren	2015.	
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As	it	voyages	the	length	of	the	Atlantic,	the	ship	explores	the	Baltic	Sea,	Norway,	the	Northwest	
Passage,	Canada,	and	the	wild	coast	of	South	America.	
Information	about	the	antifouling	paint	was	not	accessible.	
The	hull	of	National	Geographic	Explorer	was	sampled	17th	of	June	2015	while	berthed	at	the	harbour	
of	Longyearbyen.	
4.3. Materials	and	methodology		
A	literature	review	of	sampling	methodology	regarding	hull	fouling	was	conducted.	It	was	noted	that	
there	is	a	lack	of	standardised	methodology	for	this	type	of	sampling,	and	existing	similar	
methodologies	fail	to	address	many	practical	issues.	Therefore,	an	adaptation	of	existing	sampling	
methods	of	Lee	&	Chown	(2009)	and	Hopkins	&	Forrest	(2010)	was	performed.	
The	sampling	of	the	vessels	was	conducted	in	sections	dividing	the	vessel	into	bow,	amidships,	and	
stern	(Figure	25).		
	
	
Figure	25:	Illustration	of	a	vessel	hull	with	vertical	divisions	for	sampling	zones	(Hopkins	&	Forrest,	2010).	
The	equipment	used	was	bottles,	containers,	GoPro	camera	equipment,	plankton	net,	zip-lock	bags,	
scrape,	salinometer,	thermometer	etc.	Most	was	brought	from	Sweden,	except	the	gear	that	could	
not	easily	be	carried	on	the	flight,	and	was	borrowed	or	rented	from	University	Centre	in	Svalbard	
(UNIS).	This	included	drysuit,	scuba	gear,	and	alcohol	for	sample	preservation.	
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Figure	26:	Equipment	used	during	sampling.	Photo	J.	Folkunger	2014.	
The	sampling	of	vessels	was	conducted	on	two	occasions:	September	2014	and	June	2015.	
A	GoPro	camera	on	a	mount	with	lights	was	used	to	film	and	assess	the	level	of	fouling	on	the	hulls	of	
the	vessels	sampled.	A	20x20	cm	square	had	been	cut	out	of	a	soft	mat	to	allow	for	comparisons	of	
level	of	fouling	between	areas	of	the	same	size.	
Biofouling	was	scraped	off	the	hull	of	the	vessels	using	a	scrape.	The	surface	that	was	scraped	
covered	20x20	cm	of	the	hull	and	the	biofouling	was	gathered	into	a	net	and	put	into	bottles.	The	
content	of	the	bottles	was	subsequently	preserved	in	70%	ethanol.	Initial	ocular	analyses	of	the	
samples	were	performed	on	site	with	a	loupe.	A	more	comprehensive	analysis	was	conducted	in	
Sweden	using	a	laboratory	microscope.		
During	the	2015	sampling,	additional	complementary	sampling	was	conducted	with	virtue	disks.	
Virtue	disks	started	as	a	public	outreach	program	for	a	marine	scientist	at	the	Gothenburg	University	
in	Sweden,	University	of	Bergen	in	Norway,	and	University	System	of	Maryland	in	United	States	
(Olsson,	2013).	Virtue	is	an	easy	model	to	monitor	biofouling.	A	number	of	Compact	Discs	(CD)s	are	
mounted	on	a	rack	and	placed	in	different	underwater	environments.	The	discs	in	this	study	were	
placed	at	3	m	depth	under	the	Bykaia	pier	(latitude	78°13'42.79"N	and	longitude	15°36'22.61"E),	so	
the	rack	was	not	disturbed	by	the	ship	movements	and	anchoring	alongside	the	pier.	
4.4. Results	
The	full	list	of	animals	found	during	the	sampling	can	be	found	in	Fel!	Det	går	inrte	att	hitta	någon	
referenskälla..	
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Table	3:	Taxa	found	during	sampling	2014.	Nothing	was	found	during	sampling	2015.	
	
4.4.1. 2014	sampling	
The	water	temperature	was	between	5°	and	7°	C.	No	current	was	detected.	The	Secchi	depth	was	
between	0.5	and	1	m.	Visibility	beneath	the	3-4	m	halocline	was	around	5	m.	
The	vessels	sampled	were	Norbjørn,	Origo,	and	Eltanin.	
Results	show	a	higher	biodiversity	of	benthic	organisms	on	the	reference	location	Bykaia,	where	10	
species	were	documented	(Fel!	Det	går	inrte	att	hitta	någon	referenskälla.).	The	sampling	conducted	
on	the	hulls	of	the	three	vessels	were	the	same	as	the	species	from	the	Bykaia	reference	location.	A	
slightly	higher	abundance	of	species	on	Norbjørn	was	found	as	6	species	was	documented	(Figure	
27a-b).	
	
	
Figure	27a:	Norbjørn	hull	with	fouling.	Photo	M.	Palmgren	2014.	
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Figure	27b:	Norbjørn	hull	with	fouling.	Photo	M.	Palmgren	2014.	
On	Origo	only	two	species	were	recorded	(Figure	28a-b).	
	
	
Figure	28a:	Origo	hull	with	fouling.	Photo	M.	Palmgren	2014.	
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Figure	28b:	Origo	propeller	with	fouling.	Photo	M.	Palmgren	2014.	
On	Eltanin	only	three	species	were	recorded	(Figure	29a-b).	
	
	
	Figure	29a:	Eltanin	hull	with	fouling.	Photo	M.	Palmgren	2014.	
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Figure	29b:	Eltanin	hull	with	fouling.	Photo	M.	Palmgren	2014.	
The	species	that	were	documented	at	all	sampling	sites	were	rough	barnacle	(Balanus	balanus)	and	
rock	weed	(Cladophora	rupestris).	The	results	of	the	count	of	each	species	show	a	significantly	higher	
abundance	of	species	on	Norbjørn	compared	to	Bykaia,	Origo	and	Eltanin	(Annex	2	–	Sampling	
results).	This	is	due	to	the	high	count	of	the	rough	barnacle	(Balanus	balanus).		
It	proved	difficult	to	estimate	the	degree	of	coverage	of	organisms	on	the	hulls	of	the	vessels	since	
the	biofouling	was	so	limited.	
4.4.2. 2015	sampling	
The	water	temperature	was	between	-2°	and	-3°	C	during	this	sampling.	No	current	was	detected.	
The	Secchi	depth	was	less	than	2	m.	Visibility	beneath	the	3	m	halocline	was	between	5	to	6	m.	
The	vessels	sampled	were	Amadea,	National	Geographic	Explorer,	and	Origo.		
Amadea	sailed	from	the	Mediterranean	Sea	via	Bremen	and	the	Kiel	Canal	before	arriving	in	
Svalbard.	No	hullfouling	was	observed,	except	a	thin	biofilm	(Figure	30a-c).	No	sampling	was	possible	
with	the	available	equipment.	
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Figure	30a:	Amadea	rudder	with	fouling.	Photo	M.	Palmgren	2015.	
	
Figure	30b:	Amadea	hull	with	fouling.	Photo	M.	Palmgren	2015.	
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Figure	30c:	Amadea	hull	with	fouling.	Photo	M.	Palmgren	2015.	
National	Geographic	Explorer	sailed	from	Antarctica	via	the	West	Indies	before	arriving	in	Svalbard.	
Again,	no	biofouling	was	detected,	except	a	thin	biofilm	(Figure	31a-c).	No	sampling	was	possible	
with	the	available	equipment.	
	
	
Figure	31a:	National	Geographic	Explorer	hull	with	fouling.	Photo	M.	Palmgren	2015.	
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Figure	31b:	National	Geographic	Explorer	hull	with	fouling.	Photo	M.	Palmgren	2015.	
	
Figure	31c:	National	Geographic	Explorer	rudder	with	fouling.	Photo	M.	Palmgren	2015.	
Origo	is	the	only	vessel	that	was	sampled	in	both	2014	and	2015.	In	2015,	it	had	just	arrived	from	
Sweden	and	was	free	from	biofouling,	except	for	smaller	areas	of	a	thin	biofilm	(Figure	32a-b).	No	
sampling	was	possible	with	the	available	equipment.	
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Figure	32a:	Origo	hull	with	fouling.	Photo	M.	Palmgren	2015.	
	
Figure	32b:	Origo	hull	with	fouling.	Photo	M.	Palmgren	2015.	
4.4.2.1. Virtue	disc	
During	the	Virtue	disk	study,	the	CD	rack	laid	submerged	from	June	to	October	2015	(Figure	33).	
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Figure	33:	Virtue	disk	placement.	Photo	by	M.	Palmgren	2015.	
Researchers	from	UNIS	assisted	in	retrieving	the	rack	from	Bykaia	and	ship	it	back	to	Sweden	for	
further	analysis.	The	analysis	showed	that	there	was	no	organic	material	on	the	disks	and	only	
sediment	was	found.	Therefore,	no	conclusion	about	biofouling	over	summertime	could	be	made.	
4.5. Discussion	
The	analysis	showed	no	significant	difference	in	the	fouling	on	different	ships	during	the	two	
sampling	occasions.	However,	there	were	differences	in	the	extent	of	fouling	between	the	two	
sampling	periods:	the	fouling	was	higher	in	September	than	in	June,	reflected	in	the	denser	growth	of	
organisms.		The	likely	explanation	is	that	the	growth	period	for	most	organisms	(plants	and	
invertebrates)	is	the	summer	period	and	the	three	months	between	the	sampling	periods	meant	that	
the	fauna	and	flora	had	longer	time	to	develop.	The	ships	examined	in	June	had	not	spent	more	than	
a	few	weeks	in	the	waters	of	Svalbard	and	during	the	voyage	to	the	Arctic	the	ships	had	passed	
through	ice	and	ice	slush,	scraping	off	most	of	the	biofouling	attached	to	the	hull	of	the	ship.	This	was	
a	known	phenomenon	among	the	skippers	who	all	confirmed	that	the	ice	acts	like	sand	paper,	
grinding	away	any	biofouling	attached	to	the	ships	hulls.		
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Virtue	disks	were	used	to	record	biofouling	and	were	placed	at	one	sampling	site	during	the	period	
June	to	October.	No	fouling	was	found	on	the	disks.	The	likely	explanation	to	this	is	the	high	volume	
of	suspended	sediments	in	the	water	during	the	period	of	deployment.	This	meant	that	any	surface	
was	covered	with	sediment	which	prevented	algal	growth	and/or	the	settlement.	
All	species	documented	during	sampling	in	the	port	of	Longyearbyen	in	this	study	have	been	
recorded	previously	during	surveys	of	benthic	flora	and	fauna	on	Svalbard,	Bjørnøya,	and	Jan	Mayen	
during	the	1990s	(Gruszczynski	&	Rózycki,	1994;	Gulliksen,	Palerud,	Brattegard,	&	Sneli,	1999;	
Weslawski	et	al.,	1993;	1997).	
It	is	however	interesting	to	follow	the	recent	recolonisation	of	the	common	mussel	(Mytilus	edulis)	
on	Svalbard.	From	research	and	studies	of	fossil	records,	it	is	concluded	that	the	common	mussel	has	
not	been	present	at	Svalbard	for	the	last	1,000	years	(Lønne	&	Nemec,	2004;	Salvigsen,	2002).	During	
surveys	in	the	1990s,	the	first	record	of	the	common	mussel	was	made	on	Bjørnøya,	the	island	
between	Norway	and	Svalbard	(Weslawski	et	al.,	1997).	In	2004,	a	scattered	but	viable	population	of	
common	mussel	was	first	discovered	at	the	mouth	of	Isfjorden	on	Svalbard	(Berge,	Johnsen,	Nilsen,	
Gulliksen,	&	Slagstad,	2005).	Possible	explanations	for	the	reoccurrence	are	transportation	by	
attachment	to	floating	and	drifting	substrate,	ship	ballast	water,	or	larvae	drifting	with	ocean	
currents.		It	was	concluded	that	the	most	likely	way	of	transfer	was	mussel	larvae	originating	from	
the	coast	of	Norway	and	transported	to	the	west	coast	of	Svalbard	with	the	relatively	warm	West	
Spitsbergen	Current.	However,	this	study	found	the	common	mussel	in	the	port	of	Longyearbyen,	on	
both	the	reference	location	Bykaia	and	on	the	hull	of	Norbjørn.	The	mussels	may	have	transferred	
from	the	hull	of	ships	docked	to	the	berth	to	the	sheet	piles	of	the	port.	It	can	therefore	not	be	
excluded	that	common	mussel	can	be	introduced	to	the	waters	of	Svalbard	as	biofouling	on	ship	
hulls.	Further	studies	are	needed	to	estimate	the	likelihood	of	larvae	spreading	to	other	coastal	areas	
outside	the	port	of	Longyearbyen.		
Several	factors	have	to	be	considered	when	analysing	the	risks	for	an	alien	species	spreading	to	new	
geographic	areas,	establishing,	and	expanding	its	population	there,	and	becoming	“invasive”.	For	
example,	the	number	of	individuals	and	the	physiological	condition	of	the	species	is	critical.	The	
geographical	distances	and	the	means	by	which	the	organisms	are	transported	are	also	important	
parameters.	If	ships	are	the	vectors,	the	effect	of	voyage	length	on	the	organism	survival,	the	
shipping	network	between	ports,	and	how	favourable	the	new	environment	is	to	the	introduced	
species	are	important.	However,	the	contribution	of	different	variables	and	their	interactions	are	
poorly	known	(Fofonoff,	Ruia,	Stewens,	&	Carlton,	2003;	Ruiz	&	Reid,	2007).		A	suggested	method	to	
estimate	the	risk	of	specific	ships	to	be	potential	carriers	of	invasive	species	into	areas	or	ports	of	
interest,	is	to	compare	environmental	conditions	between	the	source	and	recipient	ecosystems,	as	
well	as	mapping	the	environmental	conditions	in	ports	and	along	shipping	routes	(Hayes	&	Barry,	
2008;	Keller	et	al.,	2011).	As	the	risk	of	harm	from	alien	species	is	correlated	to	their	ability	to	thrive	
in	the	new	ecosystem,	it	is	of	importance	to	compare,	environmental	conditions	in	the	port	of	arrival	
to	conditions	in	origin	and	visited	ports	(Barry	et	al.,	2008;	Endresen	et	al.,	2004).	Salinity	and	
temperature	variations	are	suggested	as	environmental	variables	to	examine,	since	salinity	and	
temperature	tolerance	are	known	to	be	strong	determinants	of	aquatic	species	range	(Barry	et	al.,	
2008;	Berezina,	2003;	Hoek,	1982).	Previous	studies	conclude	that	this	mapping	of	environmental	
conditions	and	shipping	networks	between	areas	of	interest	give	an	opportunity	to	assess	and	
categorize	the	risk	of	ships	transporting	potentially	invasive	species	and	based	on	such	information	
be	able	to	design	a	more	efficient	management	strategy.	
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5. Conclusions	of	literature	review	and	fouling	study	
The	predictions	of	the	changes	in	the	Arctic	due	to	invasions	of	new	species	and	as	an	effect	of	
climate	change	are	highly	variable	and	site	specific.	For	invasions	of	alien	species,	human	activities	
such	as	shipping	are	of	critical	importance.	The	present	study	has	shown	clear	evidence	of	North	
Atlantic	species	spreading	in	the	Svalbard	area	and	shipping	as	the	vector	is	a	clear	possibility	
although	natural	spreading	due	to	warming	may	explain	some	of	the	recent	observations.	The	
impacts	of	climate	change	are	obviously	affected	by	currents,	the	depth	conditions,	and	the	influence	
from	land	runoff.	In	summary,	the	biological	impacts	of	the	changes	in	the	Arctic	Ocean	are	related	
to	the	warming	and	reduction	of	the	sea	ice	as	well	as	the	northward	spreading	of	Atlantic	and	Pacific	
Ocean	species:	- The	Arctic	basins	are	likely	to	become	more	productive	due	to	a	shift	from	light	limitation	to	
nutrient	limitation;	
	
-	 From	an	anthropogenic	perspective	the	fisheries	productivity	in	the	Arctic	Ocean	is	likely	to	
increase	in	the	short	to	medium	term;			
	- Changing	sea	ice	and	snow	patterns	will	shift	the	primary	production	from	ice	algae	to	
phytoplankton;	
	 - As	the	sea	ice	withdraws,	the	availability	of	ice-associated	zooplankton	and	other	
invertebrates	will	be	affected,	which	will	have	an	impact	on	the	Arctic	food	chains	where	the	
polar	cod	is	an	essential	link,	providing	critical	feed	for	seabirds	and	marine	mammals,	as	
well	as	for	the	invasive	Atlantic	cod;	
	 - Sub-Arctic	species	such	as	the	common	mussel,	Atlantic	cod,	and	herring	will	expand	
northward	and	compete	with	Arctic	species.	The	decline	in	ice-associated	species	can	already	
be	observed.	
	
Further,	it	can	be	concluded	that	the	current	trends	of	reductions	of	the	sea	ice	is	likely	to	result	in	
extinction	of	Arctic	endemic	species,	a	loss	that	will	represent	biodiversity	losses	of	global	
significance,	and	reverse	millions	of	years	of	evolutionary	change.	The	expansion	of	the	northward	
range	of	sub-Arctic	species	in	combination	with	the	reduction	of	the	sea	ice	is	likely	to	fundamentally	
impact	Arctic	Ocean	productivity	and	food	webs:	- Due	to	the	reduction	in	sea	ice	it	is	highly	likely	that	reductions	in	the	distribution	and	
abundance	will	take	place	among	seals	and	walrus;	
				- Pack-ice	breeding	seals	will	experience	reproductive	failures	more	frequently	as	their	late	
winter/early	spring	breeding	becomes	affected,	impacts	that	are	already	observed	in	the	
Atlantic	sector	of	the	Arctic;	
	 - Polar	bears	are	likely	to	become	extirpated	within	50	to	70	years	over	most	of	their	present	
range.		
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- Arctic	endemic	whales	will	suffer	from	the	change	in	the	food	webs,	from	competition	with	
non-endemic	migrant	whales,	and	in	some	regions	from	the	potential	for	increased	
predation	from	killer	whales.	
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